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Abstract
The top-pions(pi0,±t ) predicted by extra dimensional descriptions of the topcolor
scenario have similar feature with those in four dimensional topcolor scenario, which
have large Yukawa couplings to the third generation quarks. In the context of the
higgsless–top-Higgs(HTH) model, we discuss the production of these new particles
at the CERN Large Hadron Collider(LHC) via various suitable mechanisms (gluon-
gluon fusion, bottom-bottom fusion, gluon-bottom fusion, and the usual Drell-Yan
processes) and estimate their production rates. We find that, as long as the top-
pions are not too heavy, they can be abundantly produced at the LHC. The possible
signatures of these new particles might be detected at the LHC experiments.
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I. Introducton
To completely avoid the problems arising from the elementary Higgs field in the stan-
dard model(SM), various models for dynamical electroweak symmetry breaking(EWSB)
have been proposed, among which the topcolor scenario is attractive because it can explain
the large top mass and provide a possible EWSB mechanism[1]. The common feature of
this kind of models is that topcolor interactions make small contributions to EWSB and
give rise to most part of the top mass, while EWSB is mainly induced by technicolor or
other strong interactions.
Recently, the model building along with the TeV-scale extra dimensional scenario[2]
has been widely studied. Considering the gauge symmetry breaking can be easily achieved
by imposing appropriate boundary conditions[3], the higgsless theory[4] was proposed and
the topcolor scenario was reconsidered in extra dimensions[5,6]. For extra dimensional
descriptions of the topcolor scenario[5], there are two separate 5 dimensional anti de
Sitter spaces(AdS ′5s) with each sector having its own corresponding infrared(IR) brane.
The light fermions propagate in an AdS5 sector, while the third generation quarks would
propagate in other AdS5 sector, and sources for EWSB are localized on both of these
IR branes. Using the appropriate boundary and matching conditions, there are three
possibilities for EWSB: Higgs–top-Higgs, higgsless–top-Higgs, and higgsless–higgsless. For
the higgsless–top-Higgs case, most of EWSB comes from the higgsless sector, and the top
quark gets its mass from a top-Higgs on the other IR brane.
Similarly to the topcolor scenario in four dimensional space, the higgsless–top-Higgs
(HTH) model[5] predicts the existence of isotriplet scalars, called top-pions(pi0,±t ), which
have large Yukawa couplings to the third generation quarks and sensibly small couplings
to the massive gauge bosons and light quarks. The top-pions get masses at one-loop from
gauge interactions, which can propagate from one boundary to the other. The mass scale
is set by the cutoff scale on the IR brane, so the top-pions should be quite heavy and
can not be abundantly produced at the present high energy experiments. The aim of
this paper is to investigate production of these new particles (pi0,±t ) at the CERN Large
Hadron Collider(LHC) with
√
s = 14TeV and see whether the possible signatures of the
2
HTH model can be detected in the near future LHC experiments.
In the rest of this paper, we will give our results in detail. The couplings of the
top-pions pi0,±t to the ordinary particles are given in Sec.II, and the decay widths of the
possible decay modes are also estimated in this section. Sections III and IV are devoted to
the computation of the production cross sections of pi0t and pi
±
t at the LHC, respectively.
Some phenomenological analysis are also included in these sections. Our conclusions are
given in Sec.V.
II. The possible decay modes of the top-pions pi0,±t
For the HTH model[5], there are two AdS5 spaces intersecting along a codimension
one surface(Planck brane) that would serve as a ultraviolet(UV) cutoff of the two AdS5
spaces. The two AdS5 spaces, denoted as AdS
w
5 and AdS
t
5, are characterized by their own
curvature scale Rw and Rt, respectively. The common UV boundary for each brane is
located at the point Z = Rw or Rt in the coordinate system and each AdS5 space is also
cut by an IR boundary located at Z = R′w or R
′
t. The IR brane at R
′
w has a higgsless
boundary condition and is responsible for most of EWSB, while the top-Higgs h0t on the
IR brane at R′t makes very small contributions to EWSB. Thus, for the HTH model, there
is the following relation:
ν2 = ν2w + ν
2
t , (1)
where ν = 246GeV is the electroweak scale, νw represents the contributions of the higgsless
sector to EWSB. The vacuum expectation value(VEV) νt of the top-Higgs produces all
of the top mass. To produce the large top mass mt, the VEV νt should be very small.
Thus, the top-pions have large Yukawa couplings to the third generation quarks.
The coupling constants of the top-pions pi0,±t to the third generation quarks can be
written as[5]:
pi0t tt :
mt
νt
, pi0t bb :
mb
νt
, (2)
pi−t tb :
e√
2SWmW
ν
νt
[mtPR +mbPL], (3)
where SW = sinθW , θW is the Weinberg angle, and PL(R) = (1 ∓ γ5)/2 is the left(right)-
handed projection operator. Certainly, there might be the flavor changing(FC) couplings
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pi0t tc and pi
−
t bc. However, for the HTH model, the flavor physics is generated on the
Planck brane via mixing in non-diagonal localized kinetic terms, one can choose the
free parameters to avoid the presence of the FC couplings pi0t tc and pi
−
t bc. Furthermore,
considering the electorweak precision measurement constraints, the top-pions should be
quite heavy. Through out this paper, we will take the top-pion mass in the range of
400GeV ∼ 800GeV . In this case, the main decay channels are pi0t → tt and pi±t → tb.
Thus, we will not consider the FC couplings of pi0,±t in this paper. Compared to the SM
Higgs boson, the couplings of pi0t to the third generation quarks are enhanced by the factor
ν/νt, while the tree-level couplings of pi
0
t to the electroweak gauge bosons W and Z are
suppressed by the factor νt/ν:
pi0tZZ :
νt
ν
emZ
SWCW
gµν , pi
0
tW
+W− :
νt
ν
emW
SW
gµν . (4)
For the neutral top-pion pi0t decays, we will focus our attention on the decay modes:
tt, bb,W+W−, ZZ, gg and γγ. The expressions of the decay widths for these decay chan-
nels can be written as:
Γ(pi0t → tt) =
3m2t
8piν2t
mpit(1−
4m2t
m2pit
)
3
2 , (5)
Γ(pi0t → bb) =
3m2b
8piν2t
mpit(1−
4m2b
m2pit
)
3
2 , (6)
Γ(pi0t →W+W−) =
αem
3
pit
16S2Wm
2
W
(
νt
ν
)2(1− 4m
2
W
m2pit
)
1
2 (1− 4m
2
W
m2pit
+ 12
m4W
m4pit
), (7)
Γ(pi0t → ZZ) =
αem
3
pit
32S2Wm
2
W
(
νt
ν
)2(1− 4m
2
Z
m2pit
)
1
2 (1− 4m
2
Z
m2pit
+ 12
m4Z
m4pit
), (8)
Γ(pi0t → gg) =
2α2sm
3
pitm
4
t
9ν2t pi3
[(1− 4 m
2
t
m2pit
)C0(m
2
t )−
2
m2pit
]2, (9)
Γ(pi0t → γγ) =
α2em
3
pit
16pi3
{ 4
3ν2t
[m2t (1− 4
m2t
m2pit
)C0(m
2
t )−
2m2t
m2pit
]
+
ν2t
ν4
[
1
2
+ 3
m2W
m2pit
− 3m2W (1− 2
m2W
m2pit
)C0(m
2
W )]}2. (10)
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The expression of the three-point scalar integral C0(m
2
i ) can be written as C0(m
2
i ) =
C0(m
2
pit , 0, 0, m
2
i , m
2
i , m
2
i )[7]. For the decay channels pi
0
t → gg and γγ, we have neglected
the contributions of the light quarks.
To obtain numerical results, we need to specify the relevant SM input parameters.
We take the SM parameters as mt = 172.7GeV [8], S
2
W = 0.2315, αe = 1/128.8, αs =
0.112, mZ = 91.187GeV , and mW = 80.425GeV [9]. Except for these SM input parame-
ters, the partial decay widths are dependent on the two free parameters νt and mpit . To
make that the HTH model generates enough large top mass and satisfies the electroweak
precision constraints, the top-Higgs VEV νt should be very small and the top-pion should
be quite heavy[5]. As numerical estimation, we will take νt ≤ 50GeV (νt/ν ≤ 1/5) and
assume that the top-pion mass mpit is in the range of 400GeV ∼ 800GeV .
The branching ratios of the prominent decay channels for the neutral top-pion pi0t are
pictured in Fig.1 as functions of the top-pion mass mpit for νt/ν ≈ 1/5, in which we
have multiplied the factors 100 and 10 to the branching ratios Br(pi0t → bb)[Br(pi0t →
W+W−), Br(pi0t → ZZ)] and Br(pi0t → gg), respectively. Since the value of the branching
ratio Br(pi0t → γγ) is largely smaller than that of Br(pi0t → tt), so we have not shown
Br(pi0t → γγ) in Fig.1. From Fig.1 we can see that, although the decay widths for all
of the possible decay channels increase as mpit increasing, the main decay modes of pi
0
t
are tt and gg. For 400GeV ≤ mpit ≤ 800GeV , the value of Br(pi0t → gg) is in the range
of 1.33% ∼ 0.34%. Certainly, the values of the branching ratios for various possible
modes vary as the parameter νt/ν varying. For example, the value of the branching ratio
Br(pi0t → gg) increases from 1.33% to 1.35% as νt/ν decreasing from 1/5 to 1/8. Thus
the neutral top-pion pi0t might be abundantly produced at the LHC via the subprocess
gg → pi0t . The values of the branching ratios for all possible decay modes are given in
Table I for three values of the top-pion mass mpit and the top-Higgs V EV νt.
5
νt(GeV ) mpit(GeV ) Br(tt) Br(bb) Br(W
+W−) Br(ZZ) Br(gg)
400 96.69% 0.56% 0.97% 0.45% 1.33%
50 600 98.63% 0.12% 0.54% 0.26% 0.46%
800 98.47% 0.09% 0.74% 0.36% 0.34%
400 97.50% 0.57% 0.40% 0.19% 1.34%
40 600 90.09% 0.12% 0.22% 0.11% 0.46%
800 99.11% 0.09% 0.30% 0.15% 0.34%
400 97.89% 0.57% 0.13% 0.06% 1.35%
30 600 99.31% 0.12% 0.07% 0.03% 0.46%
800 99.42% 0.09% 0.10% 0.05% 0.34%
Table I: The values of leading branching ratios for three values of the top-Higgs V EV
νt and the mass parameter mpit .
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Figure 1: Branching ratios for the prominent decay modes of the neutral top-pion pi0t as
functions of the mass parameter mpit for νt/ν ≈ 1/5.
For the charged top-pions pi±t , the mainly decay mode is tb. The decay width of the
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decay channel pi+t → tb can be written as:
Γ(pi+t → tb) =
3αe
8S2Wm
2
Wm
3
pit
(
ν
νt
)2λ
1
2 (m2pit , m
2
t , m
2
b)
[(m2pit −m2t −m2b)(m2t +m2b)− 4m2bm2t ], (11)
where λ(a, b, c) = (a− b− c)2−4bc. Certainly, the charged top-pions pi±t can also decay to
WZ and Wγ at loop level. However, comparing with the tree-level process pi±t → tb, the
branching ratios of the one-loop processes pi±t → WZ,Wγ are very small. The rare decay
channels for the charged top-pions pi±t have been studied in the context of topcolor-assisted
technicolor(TC2) models[10].
In the following sections, we will use above formulas to study the production of the
top-pions pi0,±t at the LHC.
III. Production of the neutral top-pion pi0t at the LHC
From above discussions, we can see that the production of the neutral top-pion pi0t at
the LHC mainly comes from the gluon fusion (gg → pi0t ) and the bottom quark fusion
(bb → pi0t ). The production cross sections at parton level, which are proportional to the
decay widths Γ(pi0t → gg) and Γ(pi0t → bb), can be approximately written as:
σˆ(gg → pi0t ) =
α2sm
4
t
64piν2t
[(1− 4 m
2
t
m2pit
)C0(m
2
t )−
2
m2pit
]2, (12)
σˆ(bb→ pi0t ) =
3pim2b
4ν2tmpit
. (13)
The production cross section for the process pp→ pi0t +X at the LHC can be expressed
as:
σ(pp→ pi0t +X) =
∫ 1
0
dx1
∫ 1
0
dx2fg/p(x1, µF )fg/p(x2, m
2
pit)σˆ(gg → pi0t )
+
∫ 1
0
dx1
∫ 1
0
dx2fb/p(x1, m
2
pit)fb/p(x2, µF )σˆ(bb→ pi0t ), (14)
where fi/p are the parton distribution functions(PDF’s) for gluons and bottom quarks eval-
uated at some factorization scale µF . In our numerical calculation, we will use CTEQ6L
PDF’s[11] for the quark and gluon PDF’s. Following the suggestions given by Ref.[12],
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we assume that the factorization scale µF for the bottom quark PDF is of order mpit/4 in
this paper.
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Figure 2: The production cross section σ(pi0t ) at the LHC with
√
s = 14TeV as a
function of the mass parameter mpit for νt/ν ≈ 1/5.
The production cross section σ(pi0t ) of the process pp → pi0t + X at the LHC with√
s = 14TeV is plotted in Fig.2 as a function of the top-pion mass mpit for νt/ν ≈ 1/5,
in which the dashed line, dotted line and solid line represent the contributions of the
gluon fusion process, bottom quark fusion process, and both these processes, respectively.
From Fig.2 we can see that the production cross section σ(pi0t ) mainly comes from the
parton process gg → pi0t . However, the contributions of the process bb→ pi0t to σ(pi0t ) can
not be neglected, which is in the range of 935fb ∼ 27fb for 400GeV ≤ mpit ≤ 800GeV .
This is because the neutral top-pion pi0t has a enhanced coupling with bottom quark pair,
gpi0
t
bb =
mb
νt
. If we assume the yearly integrated luminosity Lint = 100fb−1 for the LHC
with
√
s = 14TeV , then there will be 1.3× 104 ∼ 4.8× 105 pi0t events to be generated per
year. Certainly, the numerical results increase as the V EV νt decreasing. For example, if
we assume νt = 30GeV and 400GeV ≤ mpit ≤ 800GeV , there will be 3.6×104 ∼ 1.3×106
8
pi0t events to be generated per year at the LHC with
√
s = 14TeV and Lint = 100fb−1.
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Figure 3: The relative correction parameter R(tt) versus the mass parameter mpit for
νt = 30GeV (solid line), νt = 40GeV (dashed line), νt = 50GeV (dotted line).
The production cross section of the top quark pair(tt) has been calculated at next-
to-next-to-leading(NNL) order in the context of the SM and can be measured to several
percent accuracy at the LHC[13,14]. Thus, it is needed to calculate the corrections of
new physics beyond the SM to the tt production cross section. The neutral top-pion pi0t
has large coupling with the top quarks and should generate significant corrections to the
tt production cross section at the LHC via the enhanced gluon and bottom quark fusion
mechanisms. The relative correction parameter R(tt) = δσ(tt)/σSM(tt) with δσ(tt) =
σHTH(tt) − σSM(tt), which comes from pi0t exchange, is plotted as a function of the top-
pion mass mpit for three values of the V EV νt in Fig.3. One can see from Fig.3 that the
relative correction parameter R(tt) is sensitive to the mass parameter mpit and its value
quickly decreases as mpit increasing. However, as long as mpit ≤ 500GeV and νt/ν ≤ 1/5,
the value of R(tt) is larger than 1.9%, which might be detected at the LHC experiments.
To further discuss the possible signatures of the neutral top-pion pi0t , we calculate
the production cross section of the process pp → pi0t + X → γγ + X at the LHC with
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√
s = 14TeV . Our numerical results show that the production cross section σ(γγ) is very
small. Even for mpit = 400GeV and νt/ν ≤ 1/8, there will be only about 25 γγ events
to be generated per year at the LHC with
√
s = 14TeV and Lint = 100fb−1. This is
because, compared to other decay modes, the branching ratio Br(pi0t → γγ) is very small.
Thus, the possible signals of pi0t predicted by the HTH model can not be detected via the
process pp→ pi0t +X → γγ +X at the LHC experiments.
IV. Production of the charged top-pions pi±t at the LHC
A charged scalar does not belong to the particle spectrum of the SM. The discovery
of a charged scalar would be a clear signal for the existence of new physics beyond the
SM. At the LHC, the main production mechanism of a light charged scalar is via the top
quark pair production processes gg(qq)→ tt followed by the top(or anti-top) quark decay,
while, for a heavy charged scalar, the main production process at the leading order comes
from the gluon bottom quark fusion process[15]. The complete NLO QCD corrections
have been calculated by Ref.[16]. In the context of the topcolor-assisted technicolor(TC2)
models[17], we have studied the production of the charged top-pions pi±t via the parton
process gb → tpi±t and discussed the possibility of detecting pi±t at the LHC via the
tb(tb) decay channels[18]. The charged top-pions pi±t predicted by the HTH model have
similar features to those from the TC2 models. In the framework of the HTH model, the
production cross section σ(tpi−t ) for the process pp → gb + X → tpi−t + X at the LHC
are plotted as a function of mpit for three values of the top-Higgs V EV νt in Fig.4. For
400GeV ≤ mpit ≤ 800GeV and νt = 50GeV , the value of the cross section σ(tpi−t ) is in
the range of 1755fb ∼ 63fb.
From the discussions given in section II, we can see that, for the charged top-pion
pi−t , the main decay mode is tb. Thus, the associated production of the charged top-pion
pi−t with single top quark can easily transfer to the ttb final state. Our numerical results
show that, for mpit = 600GeV and νt/ν ≈ 1/5, there will be 2.8 × 104 ttb events to be
generated per year at the LHC with Lint = 100fb−1. According the analysis conclusions
for the backgrounds of the process pp→ ttb+X given by Ref.[15,19], we expect that the
charged top-pions pi±t should be observed via the process pp → tpi±t +X → ttb(ttb) +X
10
in the near future LHC experiments.
400 500 600 700 800
0
2
4
6
8
10
12
t
t
t
t
- t
t  
  
(p
b)
m  (GeV)
     =30GeV
     =40GeV
     =50GeV
Figure 4: The production cross section σ(tpi−t ) as a function of the top-pion mass mpit for
νt = 30GeV (solid line), νt = 40GeV (dashed line), νt = 50GeV (dotted line).
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γ, Z
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t
Figure 5: The leading order Feynman diagrams for qq → pi+t pi−t
At the LHC, the charged top-pions pi±t can also be produced in pair production mode.
The main production processes are the usual Drell-Yan processes qq → pi+t pi−t (q = u, d, c,,
s and b) through the s-channel Z exchange and photon exchange, and the t-channel bottom
quark scatting process bb→ pi+t pi−t , as shown in Fig.5. Certainly, pi+t pi−t production receives
an additional contribution from the gg fusion process gg → pi+t pi−t at one loop. However,
its contributions are very smaller than those of the tree level processes. Thus, we will
ignore the process gg → pi+t pi−t in the following estimation.
Using Eq.(3) and other relevant Feynman rules, we can write the invariant amplitude
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for the parton process q(P1) + q(P2)→ pi+t (P3) + pi−t (P4) as:
M =Ms +Mt (15)
For the process b(P1)+ b(P2)→ pi+t (P3)+pi−t (P4), the invariant amplitude comes from
Fig.5(a) and (b):
M = ev(P2)Qγνu(P1)g
µν(P4 − P3)µ
+v(P2)γν(PLgL + PRgR)u(P1)
gµν
sˆ−m2Z
e
SWCW
(P4 − P3)µ
+
e2
2m2WS
2
W
(
v
vt
)2v(P2)(mtPR +mbPL)
6 q +mt
tˆ−m2t
(mtPR +mbPL)u(P1). (16)
For u, c, d and s quarks, we only consider the contributions of the s-channel process
to the scattering amplitude, which can be written as:
M = ev(P2)Qγνu(P1)g
µν(P4 − P3)µ
+v(P2)γν(PLgL + PRgR)u(P1)
gµν
sˆ−m2Z
e
SWCW
(P4 − P3)µ (17)
with
Q =
2
3
e, gL =
e
4SWCW
(2− 8
3
S2W ), gR = −
2eSW
3CW
(q = u, c), (18)
Q = −1
3
e, gL =
e
4SWCW
(−2 + 4
3
S2W ), gR =
eSW
3CW
(q = d, s, b). (19)
Where sˆ = (P1 + P2)
2 and tˆ = (P1 − P3)2 are the usual Mandelstam variables. We
have neglected the light quark masses in our calculation, except for the bottom quark
mass in the couplings pi±t tb. Our numerical results are shown in Fig.6, in which we plot
the production cross section σ(pi+t pi
−
t ) for the process pp → pi+t pi−t +X at the LHC with
√
s = 14TeV as a function of the top-pion mass mpit for νt/ν ≈ 1/5. To comparison,
we use the solid line and dashed line to represent the contributions of the process qq →
pi+t pi
−
t (q = u, c, d and s) and the process bb → pi+t pi−t , respectively. From Fig.6 one can
see that the production cross section of the charged top-pion pair pi+t pi
−
t mainly comes
from the usual Drell-Yan process qq → pi+t pi−t (q = u, c, d and s) through the s-channel
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Z exchange and photon exchange. The total production cross section σ(pi+t pi
−
t ) is in the
range of 12.5fb ∼ 4.4fb for 400GeV ≤ mpit ≤ 800GeV and νt/ν ≈ 1/5. The charged
Higgs boson pair production at the LHC has been calculated to next-to-leading order[20].
They have shown that the total cross section for the process pp→ H+H− +X is smaller
than 10fb for tanβ ≤ 30 and mH ≥ 400GeV . Thus, we expect that the charged top-pions
pi±t predicted by the HTH model can be more easy detected at the LHC via this process
than that for the charged Higgs bosons H±.
400 500 600 700 800
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Figure 6: The cross section σ(pi+t pi
−
t ) as a function of the top-pion massmpit for νt/ν ≈ 1/5.
V. Conclusions and discussions
Since extra dimensions can play an active role in the physics of the TeV scales, the-
ories with extra dimensions have recently attracted enormous attention[21]. Based on
SU(2) × SU(2) × U(1) gauge theory in slices of two ”back-to-back” AdS ′5s, topcolor
theories were reconsidered in extra dimensions[5]. For extra dimensional descriptions of
topcolor theories, there are three possibilities for EWSB: Higgs–top-Higgs, higgsless–top-
Higgs, and higgsless–higgsless. The higgsless–top-Higgs(HTH) model which is similar to
TC2 models, predicts the existence of the top-pions pi0,±t and the top-Higgs boson h
0
t .
Since the top-Higgs boson h0t is mainly responsible for generating the large top mass and
13
gives small contributions to EWSB, these new particles(pi0,±t , h
0
t ) have large Yukawa cou-
plings to the third generation quarks, which might produce characteristic signatures at
various high-energy collider experiments.
In this paper, we discuss the production of the top-pions pi0,±t predicted by the HTH
model at the LHC with
√
s = 14TeV and Lint = 100fb−1 via various suitable mechanisms
(gluon-gluon fusion, bottom-bottom fusion, gluon-bottom fusion, and the usual Drell-Yan
processes). The following conclusions are obtained.
(1) The neutral top-pion pi0t can be abundantly produced via the gluon-gluon fusion
and bottom-bottom fusion processes. The production cross section σ(pi0t ) is sensitive to
the top-pion mass mpit and the top-Higgs V EV νt, which mainly comes from the parton
process gg → pi0t . For νt ≈ 50GeV and 400GeV ≤ mpit ≤ 800GeV , the value of σ(pi0t ) is
in the range 130fb ∼ 4800fb.
(2) The main decay modes of the heavy neutral top-pion pi0t are tt and gg, thus the
neutral top-pion pi0t can generate significant corrections to the tt production at the LHC
via the process pp→ pi0t +X → tt+X . For νt = 40GeV and 400GeV ≤ mpit ≤ 600GeV ,
the value of the relative correction parameter R(tt) is in the range of 2.1% ∼ 14.8%.
(3) For a heavy charged scalar, the dominant production process at the LHC is its
associated production with a top quark via gluon bottom fusion. The LHC has good
potential for discovering a heavy charged scalar through this process. Thus, we estimate
the production cross section of the process pp→ tpi−t +X at the LHC with
√
s = 14TeV
and Lint = 100fb−1. Our numerical results show that the production rate is significantly
large and the possible signals of pi±t might be detected at the LHC through the process
pp→ tpi±t +X in their tb(tb) decay modes.
(4) As long as the charged scalar is not too heavy, it is possible to be produced in pair
at the near future LHC experiments. The main production processes are the usual Drell-
Yan processes and the t-channel bottom quark scattering process. We further estimate the
rate of the charged top-pion pair production at the LHC. Our numerical results show that
the production cross section σ(pi+t pi
−
t ) is in the range of 9.1fb ∼ 18.6fb for νt = 30GeV and
400GeV ≤ mpit ≤ 800GeV , which might be larger than that for the charged Higgs bosons
14
H±(mH ≥ 400GeV and tanβ ≤ 30) predicted the minimal supersymmetric standard
model.
In conclusion, as long as the top-pions pi0,±t are not too heavy(mpit < 1TeV ), they
can be abundantly produced at the LHC via various suitable mechanisms. The possible
signatures of these new particles might be detected at the LHC experiments.
At last, we have to say that all of our numerical results are obtained at leading order.
The strong Yukawa couplings can give large corrections to these numerical results. For
example, for the process pp→ gb+X → tpi−t +X , the leading order cross section given in
section IV can be enhanced about 80% by the effects of next leading corrections. Thus,
the numerical results given in this paper can only be taken as order-of-magnitude guides.
However, we expect that our estimations can provide the right qualitative picture.
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